Supplementary Notes

Young-Laplace equation and puzzles about INBs.
The Young-Laplace equation implies a high internal pressure for gas inside a bubble of a small radius, which should drive gas diffusion across the interface and cause the bubbles to disappear in a very short time. The lifetime of a gas bubble thus decreases with decreasing bubble size. According to this equation, a gas bubble in water having a radius of 100 nm would have a pressure ~15 atm and should disappear in less than 1 ms 1 . Hence it is very surprising that the INBs are stable for hours or days [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Several mechanisms have been proposed 9, 10, 13, 14 .
In these models, INBs are not thermodynamically stable and can have an extended lifetime only under certain conditions. They can explain neither the reported superstability of INBs 15 , nor the experimental observations that most INBs exist for more than four days and even grow in size with time 8, 13 .
Micropancakes.
Micropancakes were first proposed to be in a novel gaseous state [16] [17] [18] [19] . It remains mysterious why their interface with water is not spherical or semi-spherical, as the water-vapor interface has a very high free energy per unit area. Micropancakes were also proposed by some researchers to comprise dense gas adsorbates 10, 11 , but there was lack of experimental evidence. In particular, INBs can sit stably on micropancakes, which implies a similar chemical potential for gases inside these two structures. It is difficult to explain why a gaseous nanobubble with a high Laplace pressure can sit stably on a dense gas adsorbate layer. This is based on the comparison of the current study using nitrogen-supersaturated water with another recent study of ours using pre-degassed water in a nitrogen environment 20 . In the latter study, where dissolved N 2 molecules can be expected to be mainly in the well-dispersed monomer form in water, the same row-like pattern remains but no cap-shaped nanostructures are present on bare HOPG even when the entire interface has been covered by the ordered structure. We thus conclude that the ordered structures are formed through self-assembly of individual nitrogen molecules (perhaps also including clusters containing only a small number of molecules). In the present work, where nitrogen-supersaturated water is used, the cap-shaped nanostructures appear on the bare HOPG substrate when the ordered layer covers only about 50% of the interface. This strongly suggests that a portion of dissolved nitrogen molecules probably aggregate into large clusters in super-saturated water. Adsorption of a large nitrogen cluster onto the bare HOPG substrate may lead to nucleation of a cap-shaped nanostructure. Further adsorption of nitrogen, either in the dispersed form or in the cluster form, leads to its growth. We note that previous theoretical studies have indicated that small non-polar molecules can aggregate into clusters of nanometer sizes in water 21, 22 . 
INBs might be nanodroplets of gases.
An earlier experimental report also supports a condensed state in the INBs.
Nanodroplets of decane were prepared at a hydrophobic-water interface using the solvent exchange procedure 23 , which is also a widely used method to prepare INBs at solid-water interfaces 3 . Their shape and dimensions observed by AFM are very similar to the INBs containing air or gas. The nanodroplets of decane are very flat and their contact angle is very similar to that of macroscopic droplets of decane at the same interface 23 . In comparison, the INBs are also very flat with a small contact angle (measured from the gas side) but the macroscopic gas bubbles at the solid-water interfaces have much larger contact angles. This suggests that INBs might be a liquidlike nanodroplets containing gas and that there may be a phase transition between INBs and macroscopic gas bubbles.
Interfacial water stabilizes the interfacial structures of gases.
Interfacial 
Chemical potentials of gases in interfacial structures.
The chemical potential of a gas species i in a vapor (gas) phase can be written as ln( )
where p i is the partial pressure of gas species i in bar, λ i is the fugacity coefficient of gas 
Cause for the condensation of inert gases inside small cavities of solids.
A key issue is whether high pressures are the cause for the condensation of inert gases inside the small cavities at room temperature. 
Solid Xe precipitates inside small cavities of Al.
Entropy may also contribute to the size-dependent order-disorder transition. Because of the very limited possible configurations for the gas arrangement inside a small cavity filled with close-packed gas molecules, the entropy gain caused by disordering is smaller as the cavity size decreases. Thus disordering is less favorable for a smaller cavity and the order-disorder transition temperature can be expected to be higher.
Along with the interface induced ordering, the solid Xe in Al cavities smaller than ~6 nm and liquid Xe in larger cavities can be explained. The setpoint was evidently located at a certain depth below the surface of the structures. A positive peak force was required for stable AFM imaging of the entire surface; thus, the tip needed to pierce the structures to a certain depth to offset the attractive snap-in force. As indicated by the red arrow in (a), the tip traced a profile that was a certain depth below the surface profile of the cap-shaped structures; thus, the apparent heights obtained using the PF mode were generally smaller than the actual heights. In imaging of the thick pancake-shaped layers, the tip similarly penetrated the thick disordered layer to scan the structures of the underlying stiffer base layers, as indicated by the red arrow in (b). The force-curve measurements in (a) and (b) indicated that the thickness of the thick pancake-shaped layer was 3.7 nm and the height of the cap-shaped nanostructure to was approximately 16 nm. These values are near the measured values, 2.5-3.5 nm and 15.2 nm, respectively, in the topographic images obtained using the FM mode (Fig. S1 ). This clearly indicated that the FM mode is more accurate in detecting the surface profile of the interfacial structures than the PF mode. By contrast, the PF mode provides clearer imaging of the ordered structures under the disordered structures of gases. covered by patches of a monolayer ordered structure but cap-shaped nanostructures were distributed sporadically across the interface. Domains of a monolayer row-like structure in the outlined region in (a) were observed clearly because the height contrast was adjusted for this local region. In (b), patches of the monolayer row-like structure and the 3D nanostructures were observed, and adhesion was lower than that of the area of bare HOPG. In (c) and (d), a substantially lower modulus and greater deformation were observed on the cap-shaped nanostructures than on the ordered structures and bare HOPG. The edges of each cap-shaped nanostructure exhibited a hexagonal shape. 
